ABSTRACT Lygus hesperus Knight (Hemiptera: Miridae) is a key pest of cotton (Gossypium spp.) in the western United States that injures ßoral buds (squares) and developing fruit (bolls). However, no clear relationship between Lygus population level and plant injury has been established. Agedependent feeding activity by L. hesperus is a possible source of variation that has not been examined for its inßuence in studies of the impact of Lygus on cotton. Recent video-based laboratory studies indicated that feeding behaviors and trivial movement varied among L. hesperus adults of different gender and reproductive states (prereproductive; reproductive and unmated; and reproductive and mated). We compared within-plant distributions and accumulations of feeding injury to intact cotton plants corresponding to adult L. hesperus of different gender and reproductive states. Adult females, regardless of reproductive state, were observed on squares and axillary buds more often than were males. Additionally, prereproductive adults were observed on squares and axillary buds more often than were mated or unmated reproductive adults, regardless of gender. Plants that were exposed to prereproductive adults exhibited more abscised squares and more squares with injured anthers compared with plants exposed to reproductive adults. However, feeding injury did not differ by insect mating status or gender. These results are consistent with results of our previous video-based assays, and indicate adult reproductive state represents a source of variation that should be controlled in studies to evaluate Lygus-induced injury to cotton and other crop plants.
Lygus hesperus Knight (Hemiptera: Miridae) and L. lineolaris (Palisot de Beauvois) are key agricultural pests in the western and mid-southern United States, respectively. Feeding by Lygus causes economic damage to a wide-range of fruits, vegetables, forages, and Þeld crops (Wheeler 2001) . On cotton, Lygus feed on ßoral buds (squares) and developing fruit (bolls), damaging the anthers or seeds and leading to increased abscission of squares and bolls. Previous investigators reported considerable inconsistencies in feeding injury rates caused by different Lygus gender and life-stages (Jubb and Carruth 1971 , Gutierrez et al. 1977 , Wilson et al. 1984 , Zink and Rosenheim 2005 , Rosenheim et al. 2006 . Whereas some studies indicated that adults caused more damage than nymphs (Gutierrez et al. 1977, Zink and Rosenheim 2005) , other studies indicated the opposite (Jubb and Carruth 1971) , or indicated no differences between damage caused by nymphs and adults (Rosenheim et al. 2006) . Because of these inconsistencies among published studies, it is not possible to explicate clear patterns corresponding to Lygus stage-dependent feeding injury and to fully understand host responses to Lygus feeding.
Behavioral variations among adult Lygus represent a possible explanation for the inconsistencies among published studies of Lygus-induced feeding injury. Cooper and Spurgeon (2011) recently compared feeding behaviors and trivial movements among adult L. hesperus of different gender and reproductive states (prereproductive; reproductive and unmated; and reproductive and mated). Prereproductive (held at 26.7ЊC for Ͻ5 d from the adult molt) L. hesperus adults fed more and exhibited fewer trivial movements compared with reproductively mature adults (held at 26.7ЊC for Ն7 d from the adult molt). In addition, mated females exhibited more short-duration stylet probes than other gender-by-reproductive state combinations, and reproductive mated males exhibited more ingestion probes (Ͼ1 min in duration) than did unmated males. Although the report by Cooper and Spurgeon (2011) documented variations in behavior among adult L. hesperus under laboratory conditions, similar variations in behavior and feeding injury rates among adults on intact plants have not been demonstrated. Our objective was to examine the withinMention of trade names or commercial products in this article is solely for the purpose of providing speciÞc information and does not imply recommendation or endorsement by the United States Department of Agriculture. USDA is an equal opportunity provider and employer.
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plant distributions and feeding injury caused by adult L. hesperus of different gender and reproductive states on greenhouse-grown cotton (Gossypium hirsutum L.).
Materials and Methods
Experimental Insects. L. hesperus adults of different gender and reproductive states (prereproductive; reproductive and unmated; and reproductive and mated) were obtained from a laboratory colony. The colony was started from wild L. hesperus adults collected from Þelds of alfalfa (Medicago sativa L.) and was maintained on green bean pods (Phaseolus vulgaris L.) and raw sunßower seeds (Helianthus annuus L.). Experimental insects were Յ4 generations removed from the Þeld population. Lygus adults held at 27ЊC do not complete reproductive development until at least 5 d after adult eclosion (Strong et al. 1970) . Therefore, adults maintained at this temperature were considered prereproductive for Յ4 d after adult eclosion. Most Lygus adults kept in mixed-gender colonies at 27ЊC mate by 7 d after adult eclosion (Strong et al. 1970 , Brent 2010 . Therefore, adults were considered reproductive at ages Ն7 d after adult eclosion. Newly emerged adults designated as reproductive and unmated were held for 7Ð10 d at 26.7ЊC with a 14:10 (L:D) h photoperiod in same-gender groups of Ͻ100 insects within 4-l clear plastic rearing containers provisioned with green bean pods. Adults designated as reproductive and mated were held in mixed-gender groups under the same conditions as adults designated as unmated. Newly emerged (within 24 h of adult eclosion) prereproductive adults were obtained from the colony on the same day they were released on plants.
L. hesperus Within Plant Distribution. Acala cotton plants (Phytogen 725, Dow AgroSciences, Indianapolis, IN) were grown in Jiffy-Strips-8 peat-pots Þlled with Seed Starting Jiffy Mix (Jiffy International, Kristiansand, Norway). Seedlings were transferred to 38-l pots (two plants per pot) Þlled with sandy loam soil from uncultivated Þelds located at the Shafter Cotton Research Station, Shafter, CA. Plant densities were decreased to one plant per pot when plants had 4 Ð5 expanded leaves. When plants had reached the ÔmatchheadÕ square phenological stage (largest squares 3Ð 6 mm diameter), each plant was enclosed within an acrylic cage (36.5 ϫ 36.5 ϫ 62 cm, L ϫ W ϫ H) with nylon tulle windows. Each of 12 plants was randomly assigned an insect gender and reproductive state (n ϭ 2 plants per gender ϫ reproductive state combination). To facilitate observation of insects on plants, each insect was coated with orange ßuorescent powder (Shannon Luminous Materials Inc., Santa Ana, CA) using a Þne-bristle brush. A single marked insect was released into each cage at 0900 hours PDT. Beginning at 1200 hours, the location of each insect was determined by visual examination every 3 h for a total of 24 h (until 1200 hours PDT the following day). A hand-held ultra violet (UV) lamp (model UV-26P, UVP LLC, Upland, CA) was used to aid insect Þnding during nocturnal observations. The experiment was conducted four times between November 2010 and March 2011. Each assay was conducted within a greenhouse with supplemental lighting provided by 300-W LED grow lights, which were programmed to ensure a 14-h photophase.
At each observation the location of each insect was categorized as on or off the plant. L. hesperus injure cotton plants by feeding on squares and axillary buds. Therefore, locations of insects that were on plants were further categorized as on plant buds (squares, axillary buds, or terminals) or on other plant structures (stems, petioles, or leaves). Separate analyses of both types of data (on or off plants; on buds or other structures) were conducted using PROC LOGISTIC (SAS version 9.2, SAS Institute, Cary, NC) with insect gender, insect reproductive state, time-of-day, and their interactions as independent variables. The FIRTH option was included in the model statement to correct for small sample sizes. Wald 95% conÞdence intervals (CI) for odds ratios were used to interpret simple effects when signiÞcant main effects were observed.
L. hesperus Feeding Injury. Lygus feeding injury was assessed in two separate experiments. The Þrst experiment used an infestation rate of one adult L. hesperus per plant whereas the second experiment used three adult insects per plant. Procedures for the two experiments were otherwise identical. Greenhouse assays with three insects per plant were conducted to facilitate observation of potential differences in feeding injury that may have been too subtle to observe from injury caused by single insects.
In each experiment, Acala cotton plants (Phytogen 725) were grown in single rows within 680-l greenhouse planters Þlled with sandy-loam soil. When plants reached the matchhead square phenological stage, three plants per planter were chosen based on similarity of plant size and development. All other plants were removed. Each selected plant was enclosed within an acrylic caged described previously. The experimental design was an incomplete block. Each planter (block) was randomly assigned a L. hesperus gender while each cage within a block was randomly assigned a L. hesperus reproductive state (prereproductive; reproductive and unmated; or reproductive and mated).
Adult L. hesperus were released into the cages before 1200 hours (PDT). After the initial release, insects were monitored each morning for mortality and dead insects were replaced. All insects were replaced on the fourth day after release so the assigned reproductive states could be maintained. On the seventh day after the initial release, insects and cages were removed from the plants. Each plant was treated with Imidacloprid (Provado 1.6 F, Bayer CropScience, Kansas City, MO) to eliminate any nymphs hatching on plants occupied by reproductive females. Each plant was assessed for missing squares 7 d after Lygus were removed (14 d after insects were initially released on plants). In preliminary studies, none of 28 control plants (cotton plants not exposed to L. hesperus) grown in greenhouse conditions exhibited square abscission. Therefore, we attributed all square abscission observed in our study to Lygus feeding. Preliminary assays indicated that squares Ն3 mm in diameter that were fed upon by Lygus may not exhibit external signs of feeding despite containing discolored and shriveled anthers. Therefore, each square Ն3 mm in diameter was removed from the plant and dissected to assess the anthers for Lygus feeding injury. Additionally, the number of squares of respective diameters of Ͻ3, 3Ð 6, and Ͼ6 mm, and the combined numbers of both blooms and bolls were recorded for each plant.
Each experiment was conducted three times (trials) for each insect density (one or three insects per cage). Experiments with one insect per cage were conducted between July 2010 and October 2010. Two trials (n ϭ 6 blocks/gender and n ϭ 5 blocks/gender, respectively) were conducted within a greenhouse under supplemental lighting provided by 1000-W high-pressure sodium lamps, whereas a third trial (n ϭ 5 male blocks, n ϭ 6 female blocks) was conducted under supplemental lighting provided by 300-W LED grow lights. Experiments with three insects per cage were conducted between October 2010 and March 2011. Two trials (n ϭ 6 female blocks and n ϭ 5 male blocks, and n ϭ 4 blocks/gender, respectively) were conducted within greenhouses with supplemental lighting provided by LED grow lights whereas the third trial (n ϭ 5 blocks/gender) was under supplemental lighting provided by high-pressure sodium lamps. In each trial, an individual light (LED or high-pressure sodium) was suspended over each planter to provide a daylength of 14 h. Evaporative coolers and heaters were programmed to operate when greenhouse temperatures exceeded 32.2ЊC or fell below 15.6ЊC, respectively. However, minimum and maximum greenhouse temperatures ßuctuated with seasonal and diurnal temperature variations.
Respective experiments with one or three insects per plant were analyzed separately. For each experiment, effects of Lygus gender and reproductive state on plant injury were examined in two analyses using dependent variables of 1) the number of squares Ն3 mm in diameter with injured anthers and 2) the number of abscised squares. These analyses were conducted using PROC GLIMMIX (SAS version 9.2; SAS Institute 2008) with insect gender, reproductive state, and their interaction as Þxed effects, and trial, block and trial ϫ block ϫ gender as the random effects. Corrected denominator degrees of freedom were obtained using the Kenward-Roger adjustment (DDFM ϭ KR option of the MODEL statement). The effects of Lygus gender and reproductive state on plant fruit populations were examined by multivariate analysis of variance (MANOVA) using PROC GLM (SAS version 9.2). The dependent variables for the multivariate analyses were 1) number of squares Ͻ3 mm diameter, 2) number of squares 3Ð 6 mm in diameter, 3) number of squares Ͼ6 mm in diameter, and 4) combined number of blooms and bolls. The Þxed effects were insect gender, reproductive state, and their interaction. Trial and block were included as covariates, and trial ϫ block ϫ gender was included as the error term for testing the main effect for gender. The RoyÕs Greatest Root statistic was used to test the overall signiÞcance of the multivariate model (Scheiner 2001 ). Multivariate analysis was followed by univariate tests for each variable when signiÞcant multivariate effects were detected, and TukeyÕs honestly signiÞcant difference was used to control experimentwise type 1 error in pairwise comparisons of simple effects. Data were examined for heterogeneity of variance by inspecting residual plots, and were examined for non-normality of errors by inspecting normal quantileÐ quantile plots. Based on these plots, untransformed data were used for each analysis.
Results

L. hesperus Within Plant Distribution.
Analyses indicated the propensity for L. hesperus adults to be on or off plants was not signiÞcantly inßuenced by insect gender, reproductive state, or time-of-day whether these factors were considered alone (main effects) or in combination (interactions ; Table 1 ). Overall, the estimated probability that a given Lygus adult would be on the plant at any observation was 0.65 (95% CI ϭ 0.58 Ð 0.71).
The logistic regression examining the locations of Lygus adults that were on the plant indicated the probability of occurring on buds or terminals versus other plant parts was signiÞcantly inßuenced by insect gender and reproductive state (Table 1) . No other main effect or interaction was signiÞcant (Table 1) . Females were more likely to occur on buds than were males (estimated probability and CI; female ϭ 0.24, 2 ϭ 1.0; df ϭ 2; P ϭ 0.62 2 ϭ 0.9; df ϭ 2; P ϭ 0.62 Time 2 ϭ 12.4; df ϭ 7; P ϭ 0.09 2 ϭ 7.5; df ϭ 7; P ϭ 0.38 Gender ϫ time 2 ϭ 3.7; df ϭ 7; P ϭ 0.81 2 ϭ 2.6; df ϭ 7; P ϭ 0.92 Reproductive state ϫ time 2 ϭ 9.6; df ϭ 14; P ϭ 0.79 2 ϭ 4.9; df ϭ 14; P ϭ 0.99 Gender ϫ reproductive state ϫ time 2 ϭ 7.4; df ϭ 14; P ϭ 0.92 2 ϭ 7.7; df ϭ 14; P ϭ 0.90
Insect locations were observed every 3 h beginning at 1200 hours PDT of the Þrst day and ending at 1200 hours PDT of the second day. a Cotton squares, axillary buds, or plant terminals.
0.19 Ð 0.30; male ϭ 0.11, 0.08 Ð 0.16). Prereproductive insects of either gender were more likely to occur on buds than were insects that were reproductive and unmated (estimated probability and CI; prereproductive ϭ 0.27, 0.21Ð 0.35; reproductive and unmated ϭ 0.10, 0.06 Ð 0.16). The estimated probability that a mated adult would occur on buds or terminals (0.16, 0.10 Ð 0.22) was intermediate to and not different from the corresponding probabilities for adults that were prereproductive or reproductive and unmated. Feeding Injury, One Insect Per Plant. Examinations of squares remaining on plants 7 d after the end of the 7-d exposure to adult L. hesperus indicated the number of squares Ն3 mm in diameter with injured anthers was greater for cotton plants exposed to prereproductive adults than for plants exposed to either mated or unmated reproductive adults (F ϭ 6.3; df ϭ 2, 62.3; P Ͻ 0.01; Fig. 1A ). Gender did not signiÞcantly inßuence the number of squares with injured anthers (F ϭ 0.1; df ϭ 1, 26.7; P ϭ 0.71) and the lack of a signiÞcant gender ϫ reproductive state interaction (F ϭ 2.1; df ϭ 2, 62.3; P ϭ 0.14) indicated the effect of Lygus reproductive state on anther injury was similar for both males and females.
Patterns of square abscission at 7 d after the 7-d exposure period were identical to those observed for square injury. The number of squares that abscised was greater for plants exposed to prereproductive adults than for plants exposed to either unmated or mated reproductive adults, regardless of gender (F ϭ 11.3; df ϭ 2, 91; P Ͻ 0.01; Fig. 1B ). Gender did not inßuence square abscission (F ϭ 1.6; df ϭ 1, 91; P ϭ 0.21), and the gender ϫ reproductive state interaction for square abscission was not signiÞcant (F ϭ 0.6; df ϭ 2, 91; P ϭ 0.55).
Multivariate analysis of plant fruiting patterns revealed a signiÞcant difference in patterns of populations of fruit size classes among plants exposed to adult L. hesperus of different reproductive states (F ϭ 3.8; df ϭ 4, 61; P ϭ 0.01). The multivariate analysis did not detect a signiÞcant effect for gender (F ϭ 1.0; df ϭ 4, 5; P ϭ 0.47) or a signiÞcant gender ϫ reproductive state interaction (F ϭ 1.2; df ϭ 4, 61; P ϭ 0.34). Of the measures of plant fruiting that were assessed (numbers of squares Ͻ3 mm in diameter, squares 3Ð 6 mm in diameter, squares Ͼ6 mm in diameter, combined blooms and bolls) only the numbers of squares Ͼ6 mm in diameter indicated a response to L. hesperus infestation (Table 2 ). Plants exposed to prereproductive adults had fewer squares Ͼ6 mm in diameter than did plants exposed to mated reproductive adults (F ϭ 4.7; df ϭ 2, 98; P ϭ 0.02). The mean number of squares Ͼ6 mm in diameter on plants exposed to unmated repro- 20.0 Ϯ 1.91 4.7 Ϯ 0.43 3.9 Ϯ 0.55a 1.6 Ϯ 0.32 F ϭ 1.8; df ϭ 2, 98; P ϭ 0.28 F ϭ 0.9; df ϭ 2, 98; P ϭ 0.43 F ϭ 4.7; df ϭ 2, 98; P ϭ 0.02 F ϭ 2.1; df ϭ 2, 98; P ϭ 0.13 Three insects per plant Prereproductive 16.1 Ϯ 1.27 2.4 Ϯ 0.38b 2.5 Ϯ 0.37 0.5 Ϯ 0.15 Reproductive unmated 14.1 Ϯ 1.09 3.8 Ϯ 0.35a 2.7 Ϯ 0.35 0.5 Ϯ 0.17 Reproductive mated 15.2 Ϯ 1.37 3.7 Ϯ 0.40a 3.1 Ϯ 0.33 0.5 Ϯ 0.15 F ϭ 0.7; df ϭ 2, 86; P ϭ 0.51 F ϭ 5.3; df ϭ 2, 86; P Ͻ 0.01 F ϭ 1.8; df ϭ 2, 86; P ϭ 0.18 F ϭ 0.1; df ϭ 2, 86; P ϭ 0.99 a Values within columns for each experiment (one insect per plant; three insects per plant) followed by the same letter are not signiÞcantly different (␣ ϭ 0.05).
ductive adults was intermediate to and not signiÞ-cantly different from means corresponding to either prereproductive adults or to mated reproductive adults.
Feeding Injury, Three Insects Per Plant. Trends in square injury and loss, as well as in population levels corresponding to different square or fruit size classes, were nearly identical to those observed in the experiments using one insect per plant. Plants that were exposed to prereproductive adults had a greater number of squares with injured anthers compared with plants exposed to unmated reproductive adults (F ϭ 5.9; df ϭ 2, 48.2; P Ͻ 0.01). The numbers of injured squares on plants exposed to mated adults were intermediate to and not statistically different from those of the other treatments ( Fig. 2A) . Insect gender did not signiÞcantly inßuence the number of squares Ն3 mm in diameter with injured anthers (F ϭ 1.6; df ϭ 1, 15.3; P ϭ 0.22), and the gender ϫ reproductive state interaction was not signiÞcant (F ϭ 0.8; df ϭ 2, 48.2; P ϭ 0.48).
Insect gender did not inßuence the number of abscised squares (F ϭ 0.9; df ϭ 1, 47.8; P ϭ 0.34), and there was no gender ϫ reproductive state interaction (F ϭ 2.3; df ϭ 2, 59.8; P ϭ 0.11). However, plants exposed to prereproductive adults had signiÞcantly more abscised squares than plants exposed to either unmated or mated reproductive adults, regardless of gender (F ϭ 24.6; df ϭ 2, 59.8; P Ͻ 0.01; Fig. 2B ).
Multivariate analysis of plant fruiting patterns revealed a signiÞcant effect for insect reproductive state (F ϭ 4.4; df ϭ 4, 52; P Ͻ 0.01), but no signiÞcant effect for insect gender (F ϭ 0.6; df ϭ 4, 3; P ϭ 0.67) or for the gender ϫ reproductive state interaction (F ϭ 1.5; df ϭ 4, 52; P ϭ 0.21). Plants exposed to prereproductive adults had fewer squares 3Ð 6 mm in diameter than did plants exposed to mated or unmated reproductive adults, regardless of gender (F ϭ 5.3; df ϭ 2, 86; P Ͻ 0.01; Table 2 ). Insect gender did not inßuence the number of squares 3Ð 6 mm in diameter on plants, and there was no signiÞcant gender ϫ reproductive state interaction. Neither gender nor reproductive state signiÞcantly affected the numbers of squares Ͻ3 mm in diameter, squares Ͼ6 mm in diameter, or combined blooms and bolls, and there were no signiÞcant maineffect interactions in tests of these measures of plant fruiting (Table 2) .
Discussion
Patterns of plant injury, whether based on numbers of injured intact squares or on square abscission, indicated prereproductive adults inßicted more feeding-induced injury compared with reproductive adults. Our observations of within-plant distribution of L. hesperus adults indicated prereproductive adults also tended to be located on buds more often than reproductive adults. Results from these greenhouse assays were consistent with those of previous videobased behavior assays that indicated prereproductive adults fed more compared with reproductive adults (Cooper and Spurgeon 2011) . Collectively, these studies demonstrate that compared with reproductive adults, prereproductive adults feed more, spend more time on buds, and cause more feeding injury to cotton plants.
Although differences in respective levels of plant injury observed between assays using one and three insects per plant were not as great as we expected, these assays were conducted under different environmental conditions that would have inßuenced both insect feeding rates and plant growth rates. Experiments with one insect per plant were conducted during the summer and fall whereas experiments with three insects per plant were conducted during the fall and winter. Insect feeding rates were likely reduced by the lower greenhouse temperatures prevalent during assays with three insects per plant compared with conditions during assays using one insect per plant. Because a high level of control over environmental conditions cannot be attained in the greenhouse, results of different assays cannot be compared quantitatively. Regardless, the different assays indicated nearly identical patterns among treatments; prerepro- ductive adults caused more feeding injury compared with reproductive adults.
Based on numbers of squares remaining at the ends of assays, most abscised squares were members of a relatively narrow size class. Patterns among numbers of fruit of respective size classes present on plants at the end of assays were consistent with patterns of square injury caused by adults of different reproductive states. Fewer squares Ͼ6 mm in diameter were present on plants exposed to prereproductive adults in assays with one insect per plant. A similar pattern among adult reproductive states was observed for squares 3Ð 6 mm in diameter on plants assayed with three insects per plant. The feeding that produced the observed injury occurred 1Ð2 wk before levels of injury were recorded, so the squares that abscised in response to feeding were smaller than squares in the size classes that exhibited the effects of feeding when injury was assessed. Overall, results suggest either adult L. hesperus preferred to feed on squares that were Ͻ3 mm in diameter, or these smaller squares were more susceptible to abscission in response to feeding than were larger squares. Our observation that square size classes exhibiting the effects of feeding differed between assays with one (Ͼ6-mm diameter squares) or three insects (3Ð 6-mm diameter squares) is further evidence of the different environmental conditions prevalent during the respective assays. Presumably, plant growth rates were slowed by the lower temperatures present during assays with three insects per plant compared with conditions during assays with single insects.
Our previous video-based behavior assays indicated that mated males exhibited more ingestion probes compared with unmated males and that mated females exhibited about twice as many short-duration styletprobes as adult L. hesperus of other gender by reproductive state combinations (Cooper and Spurgeon 2011) . These previously observed differences in behaviors were not reßected by corresponding differences in feeding injury between mated and unmated reproductive adults in our greenhouse assays. The extent of feeding injury that is observed is a product of frequency and duration of stylet-probes and susceptibility to injury of the stylet-probed plant tissues. The extent of feeding injury may also vary among test probes, salivation/laceration probes, and ingestion probes if either stylet-depth, extent of salivation, or mixtures of salivary constituents differ among these different types of stylet-probes. Therefore, the relationship between frequency and duration of styletprobes and inßiction of feeding injury might not be straightforward. Female Lygus stylet-probe prospective oviposition locations before inserting the ovipositor (Romani et al. 2005, Cooper and Spurgeon 2011; W.R.C. and D.W.S., unpublished data) . Therefore, many of the short-duration stylet-probes made by mated females during video assays may have been exploratory stylet-probes associated with oviposition. These ovipositional stylet probes may occur on plant tissues that are not as susceptible to feeding injury compared with ßoral and axillary buds (Benedict 1983) or may not involve the same quantities or types of salivary constituents. Another explanation for the lower than expected injury rates observed for mated and unmated reproductive adults is that "mated" is a temporally limited condition. Brent (2010) reported that Ϸ40% of males resume reproductive behaviors 2 d after mating, and Ϸ80% resume reproductive behaviors by 4 d after mating. Because individual insects remained on experimental plants for up to 4 d, the time during which the insect was in a Ôrecently matedÕ status was likely less than the total time the insect was present on the plant. Finally, the greenhouse assays incorporated sources of variance that were not involved in the video-based assays, including variation among insects in their locations on the plants. Therefore, the greenhouse assays appeared less sensitive compared with the controlled laboratory studies in detecting subtle differences in behaviors among insect reproductive states.
Our study conÞrms our previous video-based behavior assays indicating that ÔadultÕ L. hesperus is a heterogeneous classiÞcation (Cooper and Spurgeon 2011) . Collectively, these studies indicate that compared with reproductive adults, prereproductive adults feed more and induce more injury to cotton plants.
Results of these studies demonstrate that artiÞcial laboratory studies such as our video-based behavior assays (Cooper and Spurgeon 2011) can provide valuable insights into Lygus-cotton interactions, and these insights are useful for designing and interpreting studies in greenhouse settings. The knowledge gained through these studies should improve the accuracy and efÞciency of future experiments to identify and understand cultivar-based differences in cotton plant response to L. hesperus feeding. Our improved knowledge of the inßuence of L. hesperus gender and physiological condition on injury to cotton demonstrates the need to control for these factors as major sources of variance in future experiments, and may be useful in interpreting the damage potential of different age cohorts of L. hesperus adults.
